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(a) Squats - Rolling contact fatigue is one of the most common forms of failure in railway
track and squats are manifestation of this phenomenon. On railway systems with light axle
loads the principal form of rail damages is a longitudinal crack in the rail referred to as a
‘squat’ in Britain and as a ‘shell’ or ‘dark spot’ in Japan. Squat defects are found on the rail
head running surface and typically grow for 25 to 50 mm at a shallow angle beneath the rail
surface before branching, either towards the rail surface causing a spall, or down into the rail
leading to a transverse rail break. The initiation of squat type rolling contact fatigue cracks is
closely associated with plastic deformation in the surface layer [3]. They typically occur on
straight track or in shallow curves. The location of these type of defects is not always
predicable. One of the motivations of  this work has been to investigate whether localised
surface damage is in anyway an initiator of squat type cracks.
(b) Head checking - The ‘head check’ is another common form of rail rolling contact fatigue
and is characterised by the formation of a series of surface breaking cracks in the gauge corner
of the rail, typically on the high (outer) rail in curves. It is also associated with heavy plastic
deformation and propagates down the flow lines of the surface material. Although head check
defects do not normally propagate to form deep cracks or transverse rail breaks, they do often
result in chips of rail gauge corner breaking away [4].
(c) Tache Ovale - This kind of damage initiates from an internal oval discontinuity in the rail,
originating from a thermal effect during rail manufacture. It expands to reach the rail surface
and cause immediate fracture of the rail posing serious risk of derailment. In recent years steel
quality has improved and this kind of damage is rare.
(d) Corrugations - Corrugations are surface undulations on the rail head. These are found
world wide on both straight and curved track, on railway networks ranging from light narrow
gauge to heavy haul. The undulations occur with different amplitude and wavelength. On
British rail, the most common form of corrugation is the ‘short wavelength’ variety with a
wavelength between 40-80 mm and amplitudes of less than 0.2 mm [5]. Other wavelengths
found on British rail are some around 500 mm (long wavelength) and some between 75-150
mm (medium wavelength). They promote many adverse effects including an increase in noise
level and high frequency oscillation of the track.
(e) Thermal damage - Wheel burns form on rail due to uncontrolled slippage of the wheel
during acceleration or braking. These can be at a singular location due to wheel spin or extend
along a length of running surface. The frictional temperature rise is sufficient to transform
pearlitic rail steel into forms of brittle martensite, such as a white etching layer. Subsequent
cracking and spalling of the transformed microstructures cause surface discontinuities leading
to high dynamic stresses and fatigue initiation.
(f) Defective rail welds - Damage problems with welded rail include the usual range of
possible weld defects and detrimental microstructures in the heat-affected zones (HAZ).
Preferential wear of HAZ can generate high dynamic load problems, as with corrugations. The17
Table 1. Chemical composition and mechanical properties of the test materials
Materials Rail (R1) Rail (R2) Wheel (W1) Wheel (W2)
Chemical Composition (wt%)
C 0.73 0.75 0.50 0.541
Si 0.29 0.22 0.21 0.268
Mn 1.06 0.89 0.79 0.772
Ni 0.02 0.02 0.08 0.149
Cr 0.02 0.04 0.08 0.238
S 0.02 0.016 0.048 -
P 0.016 0.015 0.016 -
Mo <0.02 <0.01 <0.02 -
Cu <0.02 0.03 0.23 -
Mechanical properties
Average hardness (HV 30kg) 268 273 195 262
Yield stress (MPa) 443 507 318 546
Elongation  to failure (%) 9.5 13 17.8 26
Reduction  in area (%) 22.7 - 36.9 -20
Figure 1. Sample of surface damaged railway track.2223
Figure 4.  SEM examination showing a large spall located
just behind the trailing side of a drilled hole
after 1150k cycles of oil lubrication.24252728
Figure 9. SEM images of granite debris after passage through the contact. (a)
typical flakes of granite; (b) detail of the edge of a flake (through the thickness)
revealing that it is made up from agglomerated sub-grains.31
Figure 13 Hardness profile below the contact surface 
under different rolling conditions.
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Oil, N=1150k
Water, N=50k
Wet contaminant, N=0.5k+27k
Dry contaminant, N=40k
Dry, N=40k